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(57)Abstract 

This invention relates to derivatives of dipyrrometheneboron difluoride fluorescent dyes that have an absorption maximum 
at wavelengths longer than about 525 nm, and are chemically reactive with nucleic acids, proteins, carbohydrates, and other bio- 
logically derived or synthetic chemical materials. The dyes generally have structure (I), wherein at least one of the substituents 
Rl-R 7 , is a reactive functional group, and at least one of the substituents R1-R7 contains a bathochromic moiety. The ba- 
thochromic moiety is an unsaturated organic group, preferably heteroaryl or alkenyl. The remaining substituents, which may 
be the same or different, are hydrogen, halogen, alkyl (containing 1-5 carbon atoms), aryl, arylalkyl, or sulfo. The dyes are 
used to make novel conjugates with members of specific binding pairs that are Hgands or receptors. 
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LONG WAVELENGTH CHEMICALLY REACTIVE DIFYRROMETHENEBORON 
DIFLUORIDB DYES AND CONJUGATES 

This invention was made with U.S. Government support under grant number GM 37347 awarded by the 
5 National Institutes of Health. The U.S. Government has certain rights in this invention. 

FIELD OF THE INVENTION 

This invention relates to chemically reactive fluorescent dyes that can be attached to ligands and the 
10 resulting fluorescently labeled ligands. In particular, the invention relates to chemically reactive dyes that 
are derivatives of dipyrrornetheneboron di fluoride dyes (derivatives of 4,4-difluoro-4-bora-3a,4a~diaza-s- 
indacene dyes) that have an absorption ™Ttmtmi at a wavelength longer than about 525 nm. These 
reactive dyes are used for the fluorescent labeling of nucleic acids, nucleotides, carbohydrates, drugs, 
polymers, proteins, and other biologically derived or synthetic chemical materials. 

15 

BACKGROUND OF THE INVENTION 

Fluorescent dyes have many uses and are known to be particularly suitable for biological applications 
in which the high detectability of fluorescence is required. Fluorescent dyes are used to impart both 

20 visible color and fluorescence to other materials. Many applications utilize chemically reactive 
fluorescent dyes by chemically attaching the dye to reactive sites on a wide variety of materials such as 
cells, tissues, proteins, antibodies, enzymes, drugs, hormones, lipids, nucleotides, nucleic acids, or 
natural or synthetic polymers to make fluorescent conjugates. With these synthetic probes, ligands are 
frequently used to confer a specificity for a biochemical reaction that is to be observed and the fluorescent 

25 dye provides the means of detection or quantitation of the interaction. 

Fluorescence useful for such applications is generally initiated by absorption of light from an 
external, relatively concentrated light source. The sensitivity of these applications is improved by having 
dyes mat have high absorbance of the exciting light and high fluorescence quantum yield. The 
applications are furthermore improved by having dyes that resist photobleaching by the exciting light and 

30 mat have spectral wavelengths in a range that avoids the background from contaminants that may be 
present in the samples. For many biological applications it is useful to have dyes whose fluorescence is 
not quenched by water, since most biological measurements are made in aqueous solution. 

Ce rtain lasers are particularly useful as a concentrated light source for the excitation of fluorescence. 
The argon laser has been the most common light source for excitation of fluorescence, with principal 

35 output at 488 nm and 514 nm. Now other lasers are increasingly used, such as helium-neon lasers that 
can be selected to have F"irmim output at either 543 nm, 594 nm, or 633 nm; the krypton laser which 
has significant output at 568 nm and 647 nm; and light emitting diodes which are available at this time 
with output co mmo nly above 660 nm; resulting in increased demand for longer wavelength fluorescent 
dyes. 
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A number of dyes that have previously been found to be fluorescent do not have significant 
ibsorbance at desired longer excitation wavelengths. Many also have other characteristics which mterfere 
^ or linut their usefulness. For example, n»ny known fluorescent dyes arc rignificautly quenched m 
aqueous solution or are unstable during the illumination. 
5 Dyes derived from dfoyrrorr^eb^ Simplealkyl 

derivatives of the fluorophore 4,4^fluoro-Wx«-3.,4aKliaza*ind 11 cene have been described by Treibs 
& Kreuzer, di-undtrinvrryhne thenen, TJEBIOS ANNALEN CHEM. 718. 

203 (1968) and by Worries. Kopek. Lodder. & Lugtenburg. ft novel wter^lubl* fluoresc^t probe : 

, r „- fy^ r^ end bMaacaj mnmtfrs of fts iffflm it of fcaflfmsto^is^- 

10 mnrnnt- iMteLiaB ^ TRAV. (m PAYS-BAS 104. 288 (1985) 

as being highly fluorescent with spectral properties .hat are similar to fluorescein, with maxnnum 
- absorbance at tdxmt 490 to 510 nm and nunrimum emission at about 500 to 530 m U.S. Patent No. 
4.774.339 to HaugLmdetal. (1988) ("339 patent) describes 4.4^uoro^Wx > ra-3a,4a-diazaH«nda^ 
(ipyrLometheneboron difluoride) dyes including hydrogen, halogen, alkyl. cycloalkyl. aryl. arylalkyl. 

15 acyl. and sulfo-substituted derivatives that contain reactive groups suitable for conjugation to 
biomolecules, that have good photostability, and which have fluorescein-like spectra. Asdescnbedm 
me '339 patent, and by Pavlopoulos. et al.. T »**r action from * trtrafnetpvlpyrTOn^^fr complex 
APP OPnCS27, 4998(1988), u»«nisrionoftte 

indacene fluorescent dyes clearly overlaps that of fluorescein. The overlap allows the alkyl derivatives 
20 ofdiiiyironuAeneborondifluoridetobei^ 

based dyes without modification of the excitation sources or optical filters. As a result of having the 
spectral characteristics, however, the fluorescence of the known class of alkyl-substituted 4,4- 

difluoro^bora-3a,4a^-sHndacenes is not readily suitable for detection in combination wuh 

flnorescemorforusemapplication^ 
25 neon or krypton lasers or light emitting diodes is required. 

Although the '339 patent discloses some dyes with an absorption maximum of greater than 525 nm 

(Table 5). the '339 patent is neither enabling nor prior art for the invention of the subject long wavelength 

reactive derivatives of dipyrrometheneboron difluoride dyes. Of the longer wavelength dyes listed, all 

were measured in chloroform which slightly enhances the spectral absorption and shifts the emission 
30 maxima to longer wavelength by about 10 nm (compared to methanol). The '339 patent also discloses 

an^-reactivedyehavmgan absorption 

to have an undesirably low quantum yield and very broad absorption and emission spectral band widths. 

U.S. Patent 4,916,711 to Boyer. et at (1990) C7" P^) disclo8es • method of using derivatives 
of 4,4^fluoro^Wx J «-3a.4aHlia Z a- S -indacene dyes, in particular symmetrical alkyl and sulfonated alkyl 
35 derivatives, as laser dyes. The '711 patent also discloses a multitude of possible alternatives for 
substituents of the basic tricyclic structure which can be used for the patented method. The '711 patent, 
however, is neither enabling nor prior art for the invention of long wavelength reactive derivatives of 
dipyrrometheneboron difluoride dyes. The dyes described in the '711 patent are not reactive dyes. In 
addition, the '711 patent neither recognizes nor recites the effect or advantage of substituents that enhance 
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the long wavelength fluorescence properties of such dyes. 

Inventors Rang and Haugland have filed two co-pending applications on long wavelength dyes that 
are non-reactive: HETEROARYL-SUBSTTTUTEDD^^ 

AND THEIR SYNTHESIS (Ser. No. 07/629,596, filed 12-18-90) and ETHENYL-SUBSTITUTED 
5 DIPYRROMETHENEBORON DIFLUORIDE DYES AND THEIR SYNTHESIS (Ser. No. 07/704,287, 
filed 5-22-91). In addition, other materials incorporating long wavelength dipyrromethenefaoron di fluoride 
dyes have been disclosed in co-pending applications: FLUORESCENT FATTY ACIDS DERIVED 
FROM DIPYRROMETHENEBORON DIFLUORIDE DYES (Ser. No. 07/654,881, filed 02/13/91 by 
Haugland & Kang) and DIPYRROMETHENEBORON DIFLUORIDE LABELED FLUORESCENT 

10 MICROP ARTICLES (Ser. No. 07/629,466, filed 12-18-90 by Brinkley, Haugland & Kang). None of 
the long wavelength dipyrrometheneboron di fluoride dyes described in the references are the chemically 
reactive dyes of this invention. 

The novel dyes described in this invention contain one or more substituent groups coupled to the 4,4- 
difluoro-4-bora-3a, 4a-diaza-s-indacene ("BDI") fluorophore resulting in significant absorbance and 

15 fluorescence at desired longer wavelengths. The dyes of this invention also have the chemical reactivity 
necessary for conjugation to the reactive sites commonly found in biomolecules, drugs, and natural and 
synthetic polymers. The reactive dyes of this invention are combined with a variety of materials to form 
novel dye conjugates. The novel dye conjugates are desirable for use in combination with conjugates 
formed from other fluorescent dyes such as fluorescein or alkyl-substituted 4,4-difluoro-4-bora-3a,4a- 

20 diaza-s-mdacene dyes in mat the fluorophore of the novel conjugates can be bom selectively excited and 
detected because of their spectral shift to longer wavelengths, particularly an absorption maximum at 
greater man 525 run and an emission ma^mm at greater than 550 nm. The new reactive dyes have the 
advantage over other dyes mat absorb at these wavelengths, of being electrically neutral, photostable and 
being, in most cases, highly fluorescent in both organic and aqueous solution with relatively narrow 

25 absorption and emission spectra. 

DESCRIPTION OF THE DRAWINGS 

Figure 1 is a general reaction scheme for synthesis of long wavelength reactive BDI dyes. The 
30 general method consists of a formation of pyrromethene intermediates followed by cyclization with boron 
tri fluoride in the presence of base to give substituted dipyrrometheneboron diifluoridedyes. 

Figure 2 is a graph of the relative spectral separations of selected examples of long wavelength 
reactive BDI dyes in comparison with an alkyl-substituted BDI dye, in pH 7 phosphate buffer solution. 
Figure 3 is a graph showing the relatively narrow emission band width of a selected long wavelength 
35 reactive BDI dye in comparison with another known dye emitting at the same wavelength (in methanol, 
excited at 540 nm). 

Figure 4 is a graph showing the increased photostability of representative long wavelength reactive 
BDI dyes in comparison with an alkyl-substituted BDI dye, in CH 3 CN solution. 
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SUMMARY OF THE INVENTION AND DESCRIPTION OF PREFERRED EMBODIMENTS 

This invention describes novel fluorescent dyes that are reactive derivatives of the 4,4-difiuorc^- 

bora-3a,4asi^^ 
5 sites present in many materials to form novel fluorescent conjugates. 
The BDI dyes generally have the structure of formula I: 



10 



15 



20 




At least one of the substituents R r R 7 on the BDI fluorophore, is -I^O where G is a reactive 
tunctional group that allows the BDI fluorophore to be coupled to other synthetic or natural molecules . 
Preferably there are one or two reactive functional groups on the fluorophore; more preferably only one 
reactive functional group. The most common reactive functional groups air carboxylic acids and 
derivatives thereof mcliiding succinimidyl esters, acyl abides, anhydrides, and acid halides. Other 
reactive groups include iicrylamides, alcohols, aldehydes, amines, arides, imidb esters, sulfonate esters, 
haloacetaxmdes, alkyl and aryl halides, sulfenyl halides, hydrazines, isocyanates- isothiocyanates, and 
mdehnides. Table 1 lists common reactive functional groups and the reactive she* with which they most 
commonly react. The tabulation is not all inclusive since with the a|mropn«e choice of solvent, 
* and catalysts, other functional groups can be made to react. 

TABLE 1 



REACTIVE GROUPS 

25 acrylamides 
acyl azides 
alcohols 
aldehydes 

30 anhydrides 
azides 

carbonyl halides 
halides 

haloacetamides 
35 hydrazines 



REACTIVE SITES 
olefins 

amines, thiols 
acid derivatives 
amines, alcohols 

carboxylic acids, halides, aldehydes md 

amines, alcohols 

photoaffinity reagents 

amines, alcohols, phenols, thiol 

alcohols, amines, thiols, carboxylic acids 

thiols, imidazoles, phenols, amines 

aldehydes, ketones, acid derivatives 



isocyanates 
isothiocyanates 
maleimides 
40 succinimidyl esters 
sulfbnyl chlorides 
sulfonyl fluorides 

The reactive functional group 
45 spacer -L^-, where m = 0 or L 
fluorophore, m = 0 (L is absent). 



amines, thiols, alcohols, phenols 

amines, thiols, phenols 

thiols, amines 

amines, thiols 

amines, phenols, alcohols 

active sites of esterases 



is directly attached to the BDI fluorophore or is attached through a 
When the reactive functional group is direcfy attached to the BDI 
The spacer L is a substituted or unsubstitutsd aflcyl (containing 1-5 
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carbons) or aiyl group. Alternatively, L is a linking bathochromic moiety i.e. a bathochromic moiety 
that links the fluorophore and a reactive functional group such that the reactive functional group is a 
substituent on the linking bathochromic moiety. Preferably L, when present, is a straight chain 
unsubsti tuted alkyl group that contains 1-4 carbons, an unsubstituted phenyl group, or a linking 
5 bathochromic moiety. 

At least one of the substituents Rj-R-7 contains a bathochromic moiety. The inclusion of a 
bathochromic moiety in any substituent shifts the fluorescence of the compound toward the red part of 
the spectrum and gives the fluorophore an absorption maximum of greater than about 525 run. Typically 
the bathochromic moiety also gives the fluorophore an emission maximum greater than about 550 run. 

10 Typically, the bathochromic moiety is an wip^r**^ organic group such as a substituted or unsubstituted 
ethenyl, dienyl, trienyl or heteroaryl group. 

A bathochromic moiety may be present as a substituent separate from the reactive functional group 
(separate bathochromic moiety). At least one, and as many as six, of the substituents, can be separate 
bathochromic moieties any of which may be the same or different. A bathochromic moiety may also or 

15 alternatively be included in the spacer (L) connecting the reactive functional group to the BDI fluorophore 
(linking bathochromic moiety). One or more bathochromic moieties may be included only as linking 
moieties, or only separately, or combinations thereof, but a bathochromic moiety must be included in at 
least one of the substituents R1-R7- with seven substituent locations, there may be as many as seven 
bathochromic moieties, some or all of which may each be the same or different. Where the dye 

20 compound contains seven bathochromic moieties, at least one bathochromic moiety and as many a seven 
contam(s) a reactive functional group. Preferably mere are no more than four bathochromic moieties 
included in the substituents Rj-R^ some or all of which may contain reactive functional groups as 
substituents. Typically, because of the symmetry, at least one of the groups Rj, R 2 , R 3 or R 4 contains 
a bathochromic moiety, which may contain a reactive functional group as a substituent. For ease of 

25 synthesis, the bathochromic moiety is preferably present as a substituent separate from the reactive group . 
In either case, the bathochromic moiety is directly attached to the BDI fluorophore by a covalent bond. 

In one embodiment of the invention, there is a single bathochromic moiety that is heteroaryl. The 
term heteroaryl, as used throughout this document, means an aromatic heterocyclic substituent. When 
a heteroaryl group is present as a substituent, it is an aromatic heterocyclic moiety that contains at least 

30 one and as many as three hetero atom (a non-carbon atom forming the ring structure) that is N, O, or 
S. The heteroaryl group can contain one, two, or three hetero atoms. The heteroaryl group can be a 
single ring structure or a fused two- or three-ring structure. A ring can be a 5- or 6- membered ring. 
Examples of heteroaryl substituents are pyrrole, thiophene, or furan (single ring, single hetero atom), or 
oxazole, isoxazole, oxadiazole, or imidazole (single ring, multiple hetero atoms). Alternatively, the 

35 heteroaryl group is a multi-ring structure containing one or more hetero atoms; for example, the 
heteroaryl substituent is benzoxazole, benzothiazole, or benzimidazole (multi-ring, multiple hetero atoms), 
or benzofuran or indole (multi-ring, single hetero atom). The term heteroaryl includes substituted 
derivatives of the heteroaryl substituents, such as alkyl-, aryl-, aryialkyl- or heteroaryl-substituted 
pyrrolyl, furyl or thienyl. The bathochromic heteroaryl group may also contain a reactive functional 
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15 



25 



group as a substituent, 

la another embodiment of the invention, the single bathcchxomic moiety is an alkenyl group. 
Preferably the alkenyl group is ethenyl, dienyl or trienyl. The alkenyl group is unsubstitnted or contams 
snbstituents.wMchmaybemesame^ 

atoms), cyano. carboxy late ester, carboxamide, aryl or heteroaryl, or polyemenyl to form a conjugated 
dienyl or trienyl substituent, which in turn may be substituted with substituents, which may be the same 
or different, that are hydrogen, halogen, alkyl (containing 1-5 carbon atoms), cyano. ester, amide, aryl 
or beteroaryl groups. The bathochromic alkenyl group may also contain a reactive functional group as 
a substituent. 

In yet another embodiment of the invention, the fluomphore has 2-4 bathochromic substituents, which 
may be the same or different, that are substituted or unsubstitnted ethenyl, dienyl, trienyl. or hetetoaryl 
groups. Qneortwoofttetamochromics^ 
be the same or different, as substituents. 

Tl^ remainder of the substituents R r R 7 that are neimer reactive functional groups nor bathochromic 
substituents, which remaining substituents may be the same or different, are hydrogen, halogen, 
cycloaBcyl or alkyl (containing 14 carbons), aryl. arylalkyl (the alkyl portions of which contain 1-5 
carbon atoms), or sulfo. alone or m combination, as long as they do not destroy the reactivity of the dyes. 
Preferably, the remaining substituents are hydrogen. 

Preferred aryl groups inany of the described substituents are phenyl, 1-naphthyl, 2*aphmyl, 1- 
20 pyrenyl, 9-anfhryl, and their alkoxy substituted derivatives wherein the alkyl portions of such derivatives 
have less thanScarbon atoms. Any aryl or heteroaryl group in any substituent may be further substituted 
one or more times by alkyl (containing 1-5 carbons); or alkoxy groups, the alkyl portions of which have 
less than 5 carbon atoms; or combinations thereof. Any alkyl group in any substituent may be further 
substituted by an ester or amide substituent 

Table 2 contams a sample of representative long wavelength reactive dyes and their key precursors. 



The examples are preferred, representative compounds only and are not intended to be exclusive. 

Table 2 



Com- 
pound 




*2 


*3 


*4 




R 7 


1 


CCB^COiCHa 


H 


H 


H 


H 


TOT* 


2 


CCH^CQiH 


H 


H 


H 


H 


THI* 


3 


(CT^CC^Succ* 


H 


H - 


H 


H 


THI* 


4 


(CH^C(=0)NHNH 2 


H 


H 


H 


H 


THI* 


5 




H 


H 


H 


H 


FUR* 


6 


(CH^CC^H 


H 


H 


H 


H 


FUR* 


7 


CCH^CC^CK, 


H 


H 


H 


H 


PYR* 


1 8 


(CH^COjH 


H 


H 


H 


H 


FYR* 


I 9 


(CH^CO^Succ* . 


H 


H 


H 


H 


PYR* 
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1 » 


CH 3 


(CHi^-COj- 
CH 3 


CH 3 


H 


H 


PYR* 


u 


CH 3 


C0 2 H 


CH 3 


H 


H 


PYR* 


12 


THI* 


H 


H 


CO2CH, 


CH 3 


CH 3 


13 


THI* 


H 


I H " 


(aw 

TT 

CO2" 


CH 3 


CH 3 


14 


+ V W #vfY ^^^X /*ff 

(p)-C 6 H4-OCH2C0 2 CH3 


H 


H 


H 


H 


THI* 


15 


(p)-C 6 H 4 -OCH 2 C0 2 H 


H 


H 


H 


H 


THE* 


! 16 


(p)<^H4-OCH.2C02Succ* 


H 


H 


f T 

H 


TT 

H 


THI* | 


17 


y_\ ^ xt ^%^ttt wtt 

(p)<J 6 H4-OCH2CU2CH3 


TT 

H 


H 


TT 

H 


TT 

H 


T?T TP * 

FUR* 


18 


(p)-C 6 H 4 -OCH2C02H 


H 


H 


H 


H 


FUR* 


19 


X v MVT ^^^^ MTT 


H 


H 


H 


H 


PYR* 


20 


(pVCgl^-OO^CC^H 


H 


H 


H 


H 


PYR* 




(p>C 6 H4-OCH2 co 2 Succ * 


H 


H 


H 


H 


PYR* 


H- 

22 


(p>C 6 H4-OCH2C02CH3 


H 


H 


H 


H 


ST* 


23 


MCMST* 


H 


H 


H 


H 


ST* 


24 


CMST* 


H 


H 


H 


H 


ST* 


25 




H 


H 


H 


H 


PHBD* ! 


26 , 


(p)-C 6 H 4 -OCH2C0 2 H 


H 


H 


H 


H 


PHBD* 


27 


(CH2)2C02CH3 


H 


H 


H 


H 


PHBD* 


28 


(CH^CC^H 


H 


H 


H 


H 


PHBD* 


29 


(CH^COjSucc* 


H 


H 


H 


H 


PHBD* 


30 


<E)-CH= CHCO2CH3 


H 


H 


H 


CH 3 


CH 3 


31 


(E)-CH = CHCOjH 


H 


H 


H 


CH 3 


CH 3 1 


32 


(E)-CH= CHCO2S11CC* 


H 


H 


H 


CH 3 


CH 3 J 


33 


(E)-CH= CHCO2CH3 


H 


H 


H 


C6H5 


C*H 5 1 


34 


(EHM^CHCGjH 1 


H 


H 


H 


C6H5 


C6H5 1 


35 


(EVCH=CHCa,Succ* 


H 


H 


H 


C 6H 5 


CgHj I 


36 


CEMOXET* 


H 


H 


H 


CH 3 


CH 3 


37 


CMMOXET* 


H 


H 


H 


CH 3 


CH 3 


38 


(CH^COjCHa 


H 


H 


H 


H 


(E)-CH= 
CHCH 3 


39 


(p)-C 6 H4-OCH 2 C02CH3 


H 


H 


H 


H 


(E)-CH= 
CHCH 3 
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40 


(pH^^-OCHjCO^ 


H 


H 


H 


H 


(E)-CH= 
CHCH 3 


41 


MCST* 


XT 
XX 


H 


H 


CH 3 


CH 3 


42 


HMPHET* 


rr 

XX 


H 


H 


CH 3 


CH 3 


43 


CMPHET* 


XX 


H 


H 


CH 3 


CH 3 


44 


(Cg^CC^Cga 


H 


H 


H 


H 


NAET* 


45 




H 


H 


H 


H 


ST* 


AH 




H 


H 


H 


H 


ST* 


\ 47 


(CH^CO^Sncc* 


H 


H 


H 


H 


ST* 


48 




H 


H 


H 


H 


51 


49 


(CH 2 ) 2 C(=0)NH(CH 2 ) 2 -NH- 
C(=*Q)C%I __ 


H 


H 


H 


H 


ST* 


50 


C(=Q)CH 2 -Maleini* 


H 


H 


H 


H 


ST* 


51 


Cf^OHpVCfigd-CHQ 


H 


H 


H 


H 


ST* 


52 


(CH^CC^O^CCH^NH- 


H 


H 


H 


H 


ST* 


1 53 


(CH^OJNHCC^rNH. 


H 


H 


H 


H 




II 

U 54 


N=C=S 


H 


H 


H 


H 


ST* It 


55 


(CH2)2C(=0)-0-C(=0)-0 
CH2CH3 


H 


H 


H 


H 


THI* 


56 


(CHi) 2 C(=0)-N3 


H 


H 


H 


H 


Tffl* | 


57 


(CH^CX^OVF 


H 


H 


H 


H 


THI* 


58 




H 


H 


H 


H 


THI* 


59 


ST 


SOjNa 


H 


H 


SpjNa 


ST 


60 


ST 


SOjQ 


H 


H 


SOjQ 


ST 


61 


(CH 2 ) 2 C(=0)NH(CH 2 ) 2 - 
NH2 


H 


H 


H 


H 


THI* 


62 


(CH^OJNHCCH^- 
NHC(=0)CH^ 


H 


H 


H 


H 


THI* .... | 


R* 


(CH^ccya 


H 


H 


H 


CH 3 


CH 3 | 



tSubstitiients Rj-R? correspond to the fonnula in the text above; Rg is hydrogen in all of the structures 

Sn^td'chernical structures of abbreviations used in this table are shown immediately below. 
tAlkyl-substituted reactive dipyrronjetheneboron difluoride dye, included for comparison. 
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THI: 2-thienyl, 



FUR: 2-furyl, 



PYR: 2-pynolyl 



ST: (E>-2-phenylethen- 1 -y 1 , ^ ^ 



> 



PHBD: (E,E>4^heayM f 3-butadien-l-yl, 




MCMST: (E>2^4^m^oxycarbonylinethoxy)phenyl]edien- 1 -y I, \ _ x« 




0CH 2 C0 2 CH 3 



CMST: (E>2^4^carix>xymetboxy)phenyI]ethen-l-yl, 




MCST: (E^-r^nietfaoxycarbony^pheiiyl)^^^-!^!, 



C0 2 CH 3 



CEMOXET: (E)-2^5-<»rf)oetfaoxy ^methy IO<aazoIy l)ethen- 1 -y 1 , 




C0 2 C 2 H 5 



CMMOXET: (E>2^5H»rbomethoxy-4-inethyI-2-oxa2olyl)etben-l-yl f 



C0 2 CH 3 



HMPHET: CE)-2-{4-(hydroxynie&yl)phenyI>rthen- 1 -y I , 




CH 2 0H 



CMPHET: ("E)-2-[4-(chloiomethyl)pheny]Jechen-l-yl, 




CH 2 C1 



KAET: (E>2^1-naphthyl)ethen-l-yl, 



? c=c: 
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Maleinu maleimidyl, 



Table 3 describes physical properties of selected dyes from Table 2. 

TABLE 3 
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Compound 



MJP. (°Q 



(nm)* (n 



X 1 * 



T.L.C. Solvent 1 



2 


170-171 


559.6 


3 


70-72 


559.4 


4 


164-166 


557.2 


6 


139-141 


560.8 


8 


158-160 


578.2 


11 


200 dec 


585.4 


13 


191-193 


546.0 


15 


210 dec 


591.0 


16 


188-189 


588.2 


2a 


190 dec 


609.0 


24 


175 dec 


637.4 


26 


188 dec 


621.2 


28 


197-199 


582.4 


29 


125-126 


581.8 


31 


160 dec 


535.2 


32 


203-206 


538.0 


34 


163 dec 


574.0 


35 


195-196 


580.6 


37 


252-253 


561.4 


40 


210 dec 


571.4 


42 


168-170 


560.4 


43 


193-195 


560.0 


44 


136-138 


569.6 


45 


145-146 


563.2 


46 


195-197 


564.4 


47 


204-205 


563.4 


48 


120 dec 


564.4 


49 


188-189 


564.4 


50 


104 dec 


564.4 


51 


190-192 


564.4 


52 


152-153 


565.0 


53 


178-180 


564.2 


54 


140-141 


564.4 


56 


79-80 


558.6 


58 


126-127 


559.0 


59 


130 dec 


623.2 


62 


167-168 


559.0 



568 


0.29 




568 


0.65 


0 


569 


0.36 




570 


0.24 


I* 


589 


0.37 


L~ 


599 


0.29 


r* 
\~* 


564 


0.19 


r» 


618 


0.32 




617 


0.40 


V— 


640 


0.31 


U 


652 


0.48 


xJ 


643 


0.34 


XJ 


590 


031 




591 


0.54 


B 


544 


0.17 


C 


549 


0.48 


B 


589 


0.35 


C 


598 


0.71 


C 


570 


0.15 


A 


592 


0.22 


D 


571 


0.29 


B 


570 


0.83 


A 


579 


0.46 


A 


569 


0.22 


A 


570 


0.32 


C 


570 


0.76 


c 


570 


0.06 


r> 


570 


0.50 


c 


570 


0.33 


c 


571 


0.34 


c 


571 


0.49 


c 


570 


0.39 


c 


570 


0.59 


c 


568 


0.53 


c 


569 


0.58 


c 


635 


0.17 


E 


569 


0.37 


c 



Absorption (Abs) and emission (Em) maxima measured in methanol. 

A^Chloroform; B = 5% methanol in chloroform: C = 10% methanol in chloroform; D 

2556 methanol in chloroform; E = 40SE methanol in chloroform 
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Table 4 lists the *H NMR spectral data for selected dyes from Table 2. 

TABLE 4 



COMPOUND CHEMICAL SHIFT IN PPM IN CDCI3 (400 MHz NMR) 



2 2.86(t,2H,CH2), 3.38(t,2H,CH2), 6.40(d,lH,ArH), 6.ZQ(d t m 9 ArK) 9 
6.99(d,lH,ArH), 7.04(d,lH,Ai , H) l 7.12(s,lH t ArCH=), 
7.17-7.20(m,lH f ArH), 7.50(d,lH,ArH), 8.17(d,lH,ArH). 

3 2.84(s,4H,2xCHj) f 3.11(t,2H,CH2), 3.46(t,2H,CH2), 6.44(d,lH,ArH), 
6.81(d,lH,ArH), 6.99(d,lH,ArH), 7.05(d,lH,ArH), 7.13(s,lH,ArCH=), 
7.20(t,lH,ArH), 7.52(d,lH,ArH), 8.19(d,lH,ArH). 

4 2.e4it 9 2K t CR^, 3.35(t,2H,CH2), 3.87(bs,2H,NH 2 ), 6.38(d,lH,ArH), 
6.81(d,lH,ArH), 6.90(bs,lH,NH), 6.98(d,lH,ArH), 7.05(d,lH,ArH), 
7.13(s,lH,ArCH=), 7. 1 8-7.21 (m.lH, ArH), 7.51(d,lH,ArH), 8.14<d,lH,ArH). 

6 2.87(t,2H f CH2) f 3.38(t,2H,CH2), 6.38(d,lH,ArH), 6.61-6.63(m,lH,ArH), 

6.96(d,lH,ArH), 6.97(d,lH,ArH), 7.04(d,lH,ArH), 7.10(s,lH,ArCH=), 
7.59(d,lH,ArH), 7.69(d,lH,ArH). 

8 2.86(t t 2H f CH2), 3.35(t,2H,CH2), 6.30(d,lH,ArH), 6.37-6.39(m,lH,ArH), 

6.84(d,lH,ArH), 6.88(d,lH,ArH), 6.99(s,lH,ArCH=), 
6.99-7.01(111, IH.ArH), 7.05(d,lH,ArH), 7. 17-7. 20(m, 1H, ArH). 

11 2.08(s t 3H t CH3) f 2.31(t,2H,CHi), 2.43(s,3H,CH 3 ), 2.61(t,2H,CH2), 

6.17-6.20(m,lH,ArH), 6.65(d,lH,ArH), 6.75-6. 77(m t 1H, ArH), 
6.84(d,lH,ArH), 6.87(s,lH,ArCH=), 6.93-6.95(m,lH,ArH). 10.2(bs,lH,NH). 

13 2.45(s,3H,CH3), 2.60(s,3H,CH3), 2.74(t,2H,CH2), 3.28(t,2H,CH2), 
6.18(s,lH,ArH), 6.74(d,lH,ArH), 7. 13(d, 1H, ArH), 7.13-7.16(m,lH,ArH), 
7.41(d,lH,ArH), 8.02(d,lH,ArH). 

14 3.84(s,3H,CH3), 4.71(s,2H,CH2), 6.66(d,IH,ArH), 6.81(d,lH,ArH), 
7.00(d,2H,2xArH), 7.04(d,lH,ArH), 7.08(d,lH,ArH), 7.13-7.15(m,lH,ArH), 
7.16(s,lH,ArCH=), 7.46(d,lH,ArH), 7.96(d,2H,2xArH), 8.11(d,lH,ArH). 

28* 2.68(^,012), 3.17(t,2H,CH2), 6.47(d,lH,ArH), 6.97(d f lH, CH=), 

7.13(d,lH,CH«), 7.16(d,lH,ArH), 7.18(d,lH,ArH), 7.56(s,lH,ArCH=), 
7.61(d,2H,2xArH), the remaining six protons are overlapped between 7.28 and 
7.54. 

37 2.28(s,3H, CH3), 2.51(s,3H,CH 3 ), 2.64(s,3H,CH 3 ), 3.94{s,3H,CH 3 ), 

6.20(s,lH,ArH), 6.83(d,lH,ArH), 6.91(d,lH,ArH), 7.00(d,lH,CH~), 
7.10(s,lH,ArCH=), 8.02(d,lH,CH=). 

42 2.26(s,3H,CH3), 2.61(s,3H,CH 3 ), 4.71(s,2H,CH2), 6.12(s,lH,ArH), 
6.86(d,lH,ArH), 6.95(d,lH,ArH), 7.05(s,lH,ArCH=), 7.27(d,lH,CH=), 
7.37(d,2H,2xArH), 7.59(d,2H,2xArH), 7.63(d,lH, CH=). 

43 2.25(s,3H,CH3), 2.61(s,3H,CH 3 ), 4.60(s,2H,CH2), 6.12(s,lH,ArH), 
6.84(d,lH,ArH), 6.93(d,lH,ArH), 7.05(s,lH,ArCH=), 7.24(<UH,CH=), 
7.38(d*2H,2xArH), 7.57(d,2H,2xArH), 7.63(d,2H,2xArH). 

44 2.82(t,2H,CH2), 3.37(t,2H,CH2), 3.71(s,3H,CH 3 ) 6.36(d,lH,ArH), 
6.97(d,lH,ArH), 7.06(d,lH,ArH), 7.09(d,lH,ArH), 7.11(s,lH,ArCH=) f 
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7.77(d,lH,CH=), 7.86-7.90(m,2H,2xArH), 7.98(d,ffl,ArH), 

8.18- 8!23(m,2H,2xArH), the remaining one olefin proton and two aromatic protons 
are overlapped between 7.51 and 7.59 as multiplets. 

2.82(t,2H,CH 2 ), 3.37(t,2H,CH 2 ), 3.72(s,3H,CH 3 ), 6.34(d,lH,A^), 

6.91 d.ffl,7S, 6.93(d,lH^fi). 7.00(s,lH,ArCH=), ?-02<d,lH ArH). 

7 Jo-^mSsxArH), 7.37(d,ffl,CH=). 7.61(d,2H,2xArH). 7.66(d^H,CH=). 

2.7(Kt,2H,CBj), 3.17(1^.^2), 6.51(d.lH*ArH), 7.23(d,ffi,ArH), 
7.24(d,lH,ArH), 7.34(d, lH.ArH), 7.37-7.41(m,lH,ArH), 
7.44-7.50(in,2H,2xArH), 7.49(d,lH,CH=), 7.61-7.64(naH£xArH), 
7.63(s,lH,ArCH=), 7.71(d,lH,CH=). 

2.84{s.4H^xCH 2 ) ? 3.31(t,2H,CH2>, 3.41(t,2H,CH2), 6.41(d,l^Ar^, 
6.93(d,lH^rH), 6.95(d.lH,ArH), 7.05(d,lH^rB), 7.09(a,lH,ArCH=), 
7.52(d^2xArH), 7.65(d,lH,OH=), the remaining three aromatic protons and one 
olefin proton are overlapped between 7.32 and 7-43 as multiplets. 

2.70(t^H,CB»), 2.71-2.76*n,2H,Crl2), 3.24-3.29(nv2H,CH 2 ), 3.35(t,2H,CB 2 ), 
6.12Ybs,lH^,6.37(d%lH^rH),6.93(d,lH,AiH),6.95(d,lH,Ar]^. 

7^£m£m, 7.08(s,lH,ArCH=). 7.61(d,2H,2xArB). f^BSSHi 31 
remaining three aromatic protons and one olefin proton are overlapped between 7.31 
and 7.42 as multiplets. 

2.74C,2H,C&), 3.28-3.37(m,6H,3xCH2). 3.60(5,211,01%), 6.38(d,lH,ArH), 6.69- 
6.74(m,lHjra), 6.96(d,lH,ArH), 6.98(d,lH,AiH), 7.08(d,lH,ArH). 
7.12( S ,lH,ArCH=), 7.42(d,2H,2xArH), 7.62(d,lH,CH=), the remaming three 
aromatic protons and one olefin proton are overiapped between 7.33 and 7.46 as 
multiplets. 

235-2.34(in,6H,3xCr%), 2.71(t,2H.CH2), 4.11(8,2^01%), 

6.19- 6.23(m,ffl,NH), 6.38(d,lH,ArH), 6.78(s,2H,2xCH=), 
6.89-6.9I(m,lH,NH), 6.94(d,lH,ArH), 6.99(d,lH,ArH), 7.07(d,lH,ArH) 

7 ll(s,lH,ArCH=), 7.6i(dV2H^xArH), 7.64(d,lH,CH=), tto lemauung three 
aromatic protons and one olefin proton are overlapped between 7.32 and 7.43 as 
multiplets. 

2.76(t,2H.CB^, 3.30-3.58(m,6H^xCBy, 6.25(d,lH,ArH), 
6 34-6.41(nTlH,NH), 6.82(d,lH,ArH), 6.94(d,lH,ArH), 7.01(s,lH,ArCH«), 
7.03(d,lH,ArH), 7.63(d,lH,CH-»), 7.55-7.64(m3H,3xArH). 
7.83-8.00(m,4H,4xArH), 9.98(S,lH,CHO), the remaining three aromatic protons 
and one olefin proton are overiapped between 7.30 and 7.45 as multiplets. 

2.74rtOH,CHi), 3.30-3.57(111,611,3x032), 6.22(d,lH,ArH), 
6.42-6.54(nUH,NH). 6.78(d,lH,ArH), 6.88(d,lH,ArH), 6.93(d^2xArH), 
6.96(s,lH,ArCH=), 6.98(d,ffl,ArH), 7.49-7.54(m,2H,2xArH), 7.54^1^1=), 
the remaining three aromatic protons and one olefin proton are overlapped between 
7.27 and 7.34 as multiplets. 

2.43(t£H,CH z ), 2-58(t,2H,CH ), 3.24-3.28(m,4H,2xCH 2 ), 
429-4.33(m,2H,=OH 2 ), 5.73-5. 76(m,lH,CH=), 5.97-6. 06(m,lH,NH), 
6l28-6.35(m,lH^H), 6.87(d,lH,ArH), 6.90(d,lH,ArH), 7.00(d,lH,ArH), 
7.04(s,ffl,ArCH=). 7.53(d,2H,2xArH), 7.54(d,lH,CH=). 

2.74(t^H,CB0, 3.35(t^H,CH2), 3.46(t,2H,CH2), 3.59£2H,C1%), 

6.08(bs,lH^,6.36(d,ffl,ArH),6.95(d,ffl,ArH),6.98(d^m^' 
7.07(d,IH,ArH), 7.12(s,lH,ArCH=), 7.62(d,2H,2xArH), 7.65(d,ffl,CH=), the 
remaining three aromatic protons and one olefin proton-are overlapped between 7.32 



WO 93/09185 PCI7US92/08350 

13 

and 7.45 as multiplets. 

56 3.32(t,2H,CHi), 3.72(U2H,CHt), 6.43(d, IH.AtH), 6.81(d,lH,ArH), 

7.00(d,lH,AiH), 7.06(d,lH,AxH), 7.14(s,lH,ArCH=), 7.20(t,lH,ArH), 
7.52(d,lH,ArH), 8.18(d,lH,ArH). 

59* 7.32-7.38(m,2H,2xArH), 7.40~7.49(m,4H,4xArH) t 7.53(s,2H,2xArH), 

7.54(8, lH,ArCH=), 7.7(Kd,4H,4xArH), 7.78(d,2H,2xCH=), 8.48(d,2H,2xCH=). 

62 2.72(t,2H,CH2), 3.30-3.38(111,6^3x012), 3.58(s,2H,a^), 6.07-6. 14(m,lH,NH), 

6.41(d,lH,ArH), 6.66-6.72(m,lH,NH), 6.82(d,lH,ArH), 7.01(d,lH t ArH), 
7.08(d,lH,ArH), 7.15(s,lH,ArCH=), 7.1 9-7.21 (m,lH,ArH), 7.53(d,lH,ArH), 
8.14(d,lH,ArH). 

41 Compounds 28 and 46 were measured in DMSO-dg and 59 was taken in CD 3 OD. 



The additional electronic conjugation that results from incorporation of bathochromic moieties 
into the BDI fluorophore results in new long wavelength reactive BDI dyes mat have spectral 
properties that are significantly shifted from those of the related alky 1 -substi tuted fluorophores, thus 
permitting their use in multi-color fluorescence applications in combination with fluorescein or alky 1- 
5 substituted BDI dyes. Furthermore, mis wavelength shift is usually accompanied by an increase in 
photostability of the long wavelength reactive BDI dyes and in most cases by an increase in the 
extinction coefficient of the long wavelength reactive BDI dyes relative to the alky t-substi tuted BDI 
dyes. Table 5 lists the spectral properties of selected dyes from Table 2. 

TABLE 5 



| Compound 


x Abs 

max 


exlO- 3 


\ Em 
* max 


Quantum 


Photostability§ 




(nm)* 


(cm^M" 1 )* 


(nm)* 


Yield(*)$ 




1 2 


559.2 


86.9 


568 


1.00 


0.94 


8 


.578.0 


99.2 


589 


0.74 


0.96 


28 


582.2 


158.8 


590 


0.81 


0.96 


46 


564.2 


143.2 


570 


0.90 


0.92 


at 


505.0 : 


83.8 


512 


1.00 


0.71 



tCompound R is presented as an example of alkyl -substituted dipyrrometheneboron difluoride dyes 
for comparison. 

♦Absorption (Abs) and emission (Em) maxima measured in methanol. Extinction coefficients (e) at 
their absorption maxima in methanol. 

^Fluorescence quantum yields ($) in methanol are measured relative to fluorescein in 0.1 M NaOH 
($=0.92). Integrated fluorescence intensities are corrected for variation of solvent refractive index. 
The integrated fluorescent intensity is also corrected for variation of incident excitation light intensity 
with wavelength by recording spectra in ratio mode relative to a rhodamine B/ethylene glycol 
quantum counter solution. [Demas, et al. J. PHYS. CHEM. 75, 991 (1971)]. 

§ Retention of emission intensity after continuous illumination at absorption ™TiTrm for 30 minutes in 
acetonitrile. Intensity at 0 minutes = 1.00 (Example 29) 



The novel dyes have an absorption maximum at greater than about 525 nm and, preferably, an 
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enusrion n>aximum at greater than about 550 nm (see Table 3). These spectral properties distinguish the 
long wavelength reactive BDI dyes from the related alkyl-substituted BDI dyes. As indicated in Table 
5 below, the absorption and emission spectra of the new reactive BDI dyes are shifted to significantly 
longer wavelengths as compared to the alkyl-substituted dyes. The long wavelength reactive BDI dyes 
also denxmstnUe improved phot^^ Figure *> «W to *e alkyl-substituted dyes; with 

high extinction coefficients, generally greater titan 80,000 cm^ (Table 5). The dyes of this invention 

~ - j» i .iLmiaI /To Wa 5V which 



also have a substantial quantum yield, i.e. greater than 0.1 as measured in methanol (Table 5), which 
distinguishes thesedyest^^^ 
than about 525 nm. 

Of further significance is the characteristic that die emission spectra of appropriate combinations of 
the dyes can be readily resolved (Figure 2). This relatively high degree of spectral resolution is partly 
the result of the unusually narrow emission band width of most BDI dyes (including the subject dyes) 
relative to that of other important fluorophores in common use such as a tetramemylrhodamine derivative 
5 (Figure 3). Furthermore, the fluorescence of the long wavelength reactive BDI dyes is not usually 
qoenched in aqueous solution. This general insensitivity of the dye to the environment of use increases 
- the utility of these dyes in their applications. 

The general scheme for the synthesis of new long wavelength BDI dyes that can be modified to have 

the desired chemical reactivity Suit>We 
10 substituents R L to R 7 (Fig. 1) on the pyrrole intermediates include, but are not limited to. hydrogen, 
alkyl, cycloalkyl, aryl, arylalkyl, heteroaryl and alkenyl. 

The general method consists of an add catalyzed condensation of a 2-acylpyrrole or appropriately 
substitut^-^lpy^lev^ 

approximately stoichiometric proportions to give a pyrromethene intermediate. In general, there are two 
15 alternative routes whose choice depends primarily on the availability or ease of synthesis of the 2- 
acylpynole leactants. Suitable adds (QX) include, but are not limited to, hydrogen halides, metal salts 
typically used in Friedel-Craft reactions such as zinc halides, and non-metallic, dectron defident Lewis 
adds such as boron halides, halides of sulfur adds and phosphorous oxychloride in that such adds contain 
dements or groups of elements capable of forming an anionic counterion. Preferred is phosphorous 
20 oxychloride, since its use results in moderate to good yidds of pyrromethene intermediates. In some 
, it may be practical to use boron trifluoride both as the add component and to complete formation 



of the BDI dye in a "one pot reaction". 

Cyclirafionof fceheterocychcrfo^ dye is completed by addition of boron 

trifluoride in combination with a smtable base. Boron trifluoride is preferably used as one of its ether 
25 complexes due to the ease of handling of these complexes rather than the gaseous reagent. Smtable bases 
include, but are not limited to, trimethylamine, triethylamine, NJ^-diisopropylemylamine, N,N,N\N*- 
tetramethylethylenediamine, l,8-bis(dimethylamino)naphthalene, diazabicyclooctane. 
diazabicydoundeceue, 4-dimiimylaminopvridine, 4-pyrroUdinopyridineand other similar bases. 

Once prepared, the long wavdengtfa reactive BDI dyes may be further modified by sulfonation, 
30 nitration, alkylation, acylation, halogenation and other reactions by methods known in the art, such as 
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described in Example 24 and by U.S. Patent 4,916,711 to Boyer, et al. (1990) (incorporated by 
reference); Worries, et al., A novel water-soluble fluorescent probe: Synthesis, luminescence and 
biological properties of the sodium salt of the 4-sul fonato-3 . 3 * ^.S^tetrametfavl^^'-pvrromethen- 1 . 1 '-Br^ 
complex. RECL. TRAV. CHIM. PAYS-BAS 104, 288 (1985). 
5 The resulting products are generally soluble in organic solvents. Aqueous solubility can be obtained 
by adding appropr iate water solubilization groups that include sulfonates, carboxylates, ammonium and 
hydroxyl residues to the dyes. In most cases, the solid dyes are easily purified by techniques of 
chromatography and/or crystallization from a suitable solvent. The chemical structures of representative 
examples of long wavelength reactive BDI dyes have been confirmed by nuclear magnetic resonance 
10 spectroscopy (Table 4). 

Once synthesized, the new long wavelength chemically reactive BDI dyes can be used to fluorescently 
label a wide variety of other materials, including cells, tissues, carbohydrates, drugs, lipids, nucleic acids, 
nucleotides, polymers, oligonucleotides, proteins, toxins, viruses, vitamins, and other biologically derived 
or synthetic chemical materials. The novel BDI dyes are particularly useful for the fluorescent labeling 
15 of members of specific binding pairs (sbp) to form dye conjugates which can be used to detect biological 
interactions. The sbp member can be a ligand or a receptor. As used in this document, the term ligand 
means any organic compound for which a receptor naturally exists or can be prepared. A receptor is any 
compound or composition capable of recognizing a spatial or polar organization of a molecule, e.g. 
epitopic or determinant site. Ligands for which naturally occurring receptors exist include natural and 
20 synthetic proteins, including avidin and streptavidin, antibodies, enzymes, and hormones; nucleotides and 
natural or synthetic oligonucleotides, including primers for RNA and single- and double-stranded DNA; 
lipids; polysaccharides and carbohydrates; and a variety of drugs, including therapeutic drugs and drugs 
of abuse; and pesticides. ligands and receptors are complementary members of a specific binding pair, 
each sbp member having an area on the surface or in a cavity which specifically binds to and is 
25 complementary with a particular spatial and polar organization of the other. 

One embodiment of the invention is a method of preparing a fluorescent conjugate comprising 
combining a BDI dye of formula I with the sbp member being labeled. Another embodiment of the 
invention is a sbp member labeled with a new reactive BDI dye. Preferably the sbp member is a ligand, 
more preferably the ligand is a nucleotide, oligonucleotide, peptide, protein, lipid polysaccharide or 
30 carbohydrate. 

To label a sbp member, the new BDI dyes of this reaction are combined with a sbp member of 
interest which sbp member is capable of reacting with the reactive group (G) on the BDI fiuorophore. 
Generally, any sbp member containing one or more of the reactive sites listed in Table 1 can be labeled 
using the new dyes. Preferred reactive sites are amines, thiols or carboxylic acids. The sbp member 
35 may be monovalent (containing a single reactive site) or polyvalent (containing multiple reactive sites). 

When the sbp member lacks a reactive site or reaction at the reactive site inhibits formation of a sbp 
pair interaction, an appropriate coupling moiety can often be introduced by synthesis or modifications 
familiar in the art. For example, the starting material for nucleic acid conjugates is an oligonucleotide 
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(oligo) which has incorporated a reactive residue, typically an amine or thiol, to form a derivatized otigo. 
The reactive residue is attached through a carbon chain spacer of a variety of lengths at e.ther a 
substitutedrmcIeotidebaseortheS' eadof theotigo. Ihe thiol- or arrur^rivatizedoligos are typ^Iy 
commercially available with a carbon chain spacer of about 2-12 carbons. 
5 Typically, (he reactive BDI dye is coupled directly to the sbp member. For example, if the sbp 
member is a ligand that has an arrrino substituent and the reactive dye has a carboxyl substituent, then the 
ligand and fluorophore may be directly conjugated to each other by procedures known in the art; for 
example, an active ester technique. Where the sbp member is a protein, it is less likely to require 
derivation to add additional reactive sites. However, if desired, other groups can be introduced such 

10 as by thmlation with mcdrrirmdyl 2-pyridyltfthioprrnricmate (SPDP). 

A sbp member can be labeled with the BDI dyes by using procedures such as those illustrated in 
Examples 25-30. Generally, the derivatized or reactive sbp member is solubflized in an aj^ropriate 
solvent. The conditions required for solubilizing sbp members are generally known in the art. The dye 
is solubflized in an appropriate solvent that is mutually miscible with the solvent that is used to solubilize 

15 the sbp member. For applications which require use of a water miscible solvent, appropriate solvents 
include, fox example, methanol, ethanol, dirnemylforrnamide (DMF), drmefcylsulfbxide (DMSO), and 
acetone. For preparation of a conjugate where the sbp is water insoluble, appropriate solvents include, 
for example, DMF, DMSO, chloroform, toluene, and many other organic solvents. 

The ternperatnre at which the reaction for preparing the conjugates of this invention proceeds is not 

20 critical. The tenmerature should be one which is sufficient to initiate and inaintain the reaction, without 
cornprorniring the stability or activity of the sbp member or its conjugate. Generally, for convenience 
and economy, room tenmerature (- 25°C) is sufficient. 

m preparing the conjugates of the present invention, the ratio of reactants is not narrowly critical. 
For each mole of reactive dye of formula I, one usually employs about one mole of the sbp member 

25 being labeled to obtain a reasonable yield. In some cases it is preferred to employ an excess of reactive 
dye for ease of reaction and sufficient labeling of the sbp rnember. For example, in preparing oligo 
conjugates, 50-100 fold excess of dye has been found to be appropriate. The combined reactants, dye 
and sbp member, are incubated for sufficient time to allow the conjugation to occur, which may range 
from about 10 miimtes to 24 hours, mom typicaUy from about 30 mm^ 

30 Following attachment of the reactive dye to the sbp member, the conjugate is then purified using 
standard purification techniques, for example, using chromatography, crystallization, etc 

The dyeHxariugated Iigands are useful in a wide variety of areas as biochemical tools for the 
detection, identification, and nieasurement of biological compounds, particularly inn rn m o c hranic a lly 
reactive components such as those found in body fluids, cells, and cell components. For example, the 

35 labeled proteins can indicate the presence and amount of certain antigens or identify the site of certain 
imnumochemical reactions, using known assay methods and imaging techniques for detection of the 
fluorescence signal. The labeled nucleotides and oligonucleotides can be used in research efforts directed 
at deterrnining the presence or sequence of nucleic acids in genes, using known gene mapping techniques. 
The following examples of the synthesis and characterization of the long wavelength reactive BDI 
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dyes and the combination of such dyes with other natural and synthetic materials are intended to illustrate 
the generality of the invention and not to define or limit the scope of the invention. 

EXAMPLE 1: 4,4-Difluorc~3^2-inemoxycaxbonylem 
5 (Compound I): To a solution of 500 mg (2. 82 mmol) of 2-formy l-5-(2-thieny l)pyrrole and 435 mg (2. 84 
mmol) of 2-(2-methoxycarbonyleuiyl) pyrrole in 50 mL of dichloromethane is added 265 /xL (2.84 mmol) 
of phosphorus oxychloride. The reaction mixture is stirred at room temperature for 16 hours and then 
2.0 mL (11.5 mmol) of N,Nniiisopropylethylamine is added, followed by the addition of 1.5 mL (11.5 
mmol) of boron trifluoride etherate. After the whole reaction mixture is stirred at room temperature for 

10 2 hours, it is washed with two 50 mL portions of brine. The organic layer is separated, dried over 
anhydrous sodium sulfate and concentrated under reduced pressure to give a dark brown solid. The crude 
product is purified by chromatography on silica gel with chloroform as eluant to give 380 mg (52%) of 
Compound 1 as a dark purple solid. 

The 2-formyl-5-(2-thienyl)pyrrole is prepared from 2-<2-thienyl)pyrrole by the Viismeier-Haack 

15 fbrmylation, according to R.M. Silverstein et al., ORG. SYNTH. COLL. Vol. IV, p. 831. The 2-(2- 
thienyl)pyrrole needed for this synthesis is prepared in a similar manner as described in Kruse, et al., 
HETEROCYCLICS 26, 3141 (1987). 

The 2^-methoxycaxbcmylemyl)pyrrole is prepared as follows: A solution of pyrrole-2- 
carboxaldehyde (3.9 g, 41 mmol) and (carbomemoxyniethylene)^phenylphosphorane (14 g, 42 mmol) 

20 in 160 mL of dry benzene is heated at reflux for 18 hours under a nitrogen atmosphere. After cooling, 
the reaction mixture is concentrated under vacuum and the resulting oil is purified by silica gel column 
chromatography, eluting with a mixture of ethyl acetate and hexane (1:9) to give 5. 11 g of a mixture of 
cis- and trans-methyl 2-(2-pyrrolyl)acrylate. 

It is men dissolved in 100 mL of methanol in a Parr shaker bottle and to this is added 500 mg 10% 

25 palladium on charcoal. The mixture is pressurized to 50 psi with hydrogen and shaken at room 
temperature for 2 hours. The reaction mixture is filtered through a diatomaceous earth pad and the 
filtrate is concentrated under vacuum to give 5. 10 g (82%) of 2K2-methoxycarbonylethyl)pyrroleas a pale 
yellow oil, l H-NMR (CDCI3) 6 2.64(t,2H,CH2), 2.92(t,2H,CH 2 ), 3.71(t,3H,GH 3 ), 5.93(d, 1H, ArH), 
6. 12(m, 1H, ArH), 6.68(d,lH,ArH), 8.62 (bs,lH,NH). 

30 

EXAMPLE 2: 4,4-Difluoro-3K2-inethoxycarbony^ 

(Compound 5): This is prepared in the same manner as described in Example 1 from 2-(2- 
memoxycarbonylethyl)pyrrole (240 mg, 1.56 mmol) and 2-fonnyl-5-(2-furyI)pyrrole (250 mg, 1.55 
mmol). Compound 5 (295 mg, 55% yield) is obtained as a dark purple solid. 
35 The 2-formyl-5-(2-furyl)pyrrole is prepared from 2-(2-furyl)pyrrole by the Vilsmeier-Haack 

fbrmylation as described in ORG. SYNTH. COLL. Vol. IV, p. 831. The 2K2-furyl)pyrrole needed for 
this synthesis is prepared in a similar manner as described in HETEROCYCLICS 26, 3141 (1987). 



EXAMPLE 3: 4 f 4-Difluoro-3^2-niemoxycarbonyle& 
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(Compound?): To a solution of 150 mg (1-13 mmol) of 2,2'-bipyrrole.nd 205 mg (1.13 mmol) of2- 
(Z-rnethoxycarbonylethyl^-fornxylpyrrol.in 10 mL of mchforomemane is added 110 uL (1.18 mmol) 
of phosphorus oxychloride. The reaction mixture is stirred at room temperature for 12 hours and then 
is added 800 uL (4.59 mmol) of N^^iisopropyleihylanune, followed by tte addition of 560 (4.55 
5 mmol) of boron trifiuoride etherate. After the whole imxture is stirred at r«>m temperature for 2 hours, 
it is washed with two 10 mL portions of brine. The organic layer is separated, dried over anhydrous 
sodhma sulfate and concentrated umierr^ The crude product is 

purified by chromatography on silica gel with a mixture of chloroform and hexane (1 :1) as eluant to give 

125 mg (32%) of Compound 7 as a dark purple solid. 

10 The W-bipyrrole is prepared as described in Rappaport et al., J. AM. CHEM. SOC, 84, 2178 
(1962). The 2-(2-memoxycarbonylethyI)-5-forniylpyrTole is prepared from 2-(2- 
memoxycarbonylethyljpyrroleby the Vilsmeier-Haack formylation according to ORG. SYNTH. COLL. 
Vol. IV, p 831. 

15 EXAMPU»4.4^iflu^^ 

indacene (Compound 10): This is prepared in the same method as descnW mExanmle 3 from ^ 
bipyrrole(500mg, 3.78 mmol) and2.4-dimemyl-5-formyl-3^-in^ mg, 
3.80mmol). Coinpound 10 (760 mg, 54%) is obtained as a dark purple solid. 

The 2,4-dm»efcyl-5-fbrmyl-3^m^ prepared from 2.4-dimetfayl-3-(2- 

20 rr^thoxycarborrylethyl^leby 

Vol. IV, p 831. The 2,4-dirr^yl-3^methoxycarb^^ prepared as describedmBuUock, 

et al., J. CHEM. SOC 1420 (1958). 

EXAMPIJi5:4,4-IMfliioro^^ 

25 mdacene(C<ninwiiiidl2): ToasolntH»of500mg(2.39iiiin^^^^ 

4^bntanoateand 35S mg (238 mmol) of 2-<2-flrieny0pyrmle in 30 mL of dichlorometbane is added 
230 pL (2.47 mmol) of phosphorous oxychloride. The reaction mixture is heated under reflux in a 
rdtrogeu atmosphere for2days. It is cooled to room temperature and then is added 1.7 r^ 
of N.Nwmsopropylemylamme, followed by addition of 1.2 mL (9.76 mmol) of boron triftaoride etherate. 

30 After the whole reaction rmxture is stirred at room ternperatnre for 4 hours, it is washed with two 30 mL 
portions of brine. The organic layer is separated, dried over anhydrous sodium sulfate and ccmcentrated 
urmer reduced pressure. The crude product is purified by chromatography on silica gel with a mixture 
of chloroform and hexane (1:1) to give 340 mg (34%) of Coinpound 12 as a dark red solid. 

The methyl 4-P<3,5-dmiemyI)pyrroW prepared as described in Tiefos, et al., 

35 LffiBIGS. ANN. CHEM., 702, 112 (1967). 

EXAMPLE 6: 4,4^uoro-H4<memoxycarbo^^ 

indacene (Compound 14): This is prepared in the same method as described in Example 1 from 2-{4- 
(methoxycartx,nylmethoxy)pheuyn P yrrole (100 mg, 0.43 mmol) and 2-formyl-5^2-thienyl)pyrrole (75 
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mg, 0.42 mmol). Compound 14 (68 mg, 37%) is obtained as a dark purple solid. 

The 2^4^methoxycarbony lmethoxy)phenyl]pyrrole needed for this synthesis is prepared as follows: 
To a suspension of 1.0 g (1 1.9 mmol) of ethanethiol, sodium salt in 10 mL of dry DMF is added 2.0 g 
(11.5 mmol) of 2-(4-methoxyphenyl)pyrrole [prepared in a similar method as described in 
5 HETEROCYCLICS 26, 3141 (1987)] while the reaction mixture is stirred in an ice bath under nitrogen 
atmosphere. It is then stirred at 110°C for 4 hours. After the reaction mixture is cooled to room 
temperature, 1.82 g (11.9 mmol) of methyl bromoacetate is added. After stirring at room temperature 
for 2 hours, it is poured into ice-water (100 mL). It is extracted with chloroform (3x70 mL). It is dried 
over anhydrous sodium sulfate and concentrated under reduced pressure to give a brown solid. The crude 

10 product is purified by chromatography on silica gel with chloroform as eluant to give 1.92 g (68%) of 
the 2^4^memoxycarbcmylrnemoxy)phenyl]pyrrole as an off-white solid; m.p. 136-137°, Rf = 0.30 in 
chloroform, ! H-NMR(CDa3)63.82(s,3H,CH3), 4.65(s,2H,CH 2 ) f 6.26H6.29(m,lH,ArH),6.40^.44(m f 
1H, ArH), 6.81-6.84(111,111^11), 6.91(d,2H,ArH), 7.40(d,2H,ArH). 

The Compounds 17, 22, 25, and 39 are prepared by the reaction of 2-formyl-5-(2-fiiryl)pyrrole; 2- 

15 formyl-5-[(E>2^henylethen-l-yH^ 

5-[(E>propen-l-yI]pyrrole, respectively, wiui244^niemoxycarbonylrnethoxy)phenyl]pyrToleas described 
in Example 6. Compound 19 is prepared by the reaction of 2,2'-bipyrrole with 2-formyl-5-{4- 
(methoxycarbonylmethoxy)phenyl]pyrrole l which is obtained by the Vilsmeier-Haack formy lation of 2-[4- 
(methoxycarbonylmemoxy)phenyl]pyrrole, as described in Example 6. 

20 EXAMPLE 7: 4,4-Difluoro-3<(E)-244^rnemoxycarto^ 

phenylethen-l-yl] -4-bora-3a,4a-diaza-s~indacene (Compound 23): This is prepared in the same manner 
as described in Example 1 from 2-formyI-5-{(E)-pheny lethen- 1 -yljpyrrole (75 mg, 0.38 mmol) and 2-[(E>- 
24(4-rnemoxycaibonylniethoxy)phenylletheri- 1 -yljpyrrole ( 1 00 mg, 0.39 mmol). The Compound 23 (59 
mg, 32%) is obtained as a dark blue solid. 

25 The 2-[(E>2^4^memoxycarbonylinemo needed for this synthesis is 

prepared in the similar way as described in Example 6 by the reaction of 2-[(E)-2-(4- 
methoxypheny l)edien- 1 -yljpyrrole with ethanethiol, sodium salt, and methyl bromoacetate in DMF. 

.. EXAMPLE8: 4,4-Difluoro-3K2-memoxycarbon^ 

30 indacene (Compound 45): To a solution of 3.0 g (15.2 mmol) of 2-fonnyl-5-{(E)-2-phenylethy 1- 1 - 
yljpyrrole and 2.33 g (15.2 mmol) of 2^2-methoxycarbonylethyl)pyrrole in 70 mL of dichloromethane 
is added 1.45 mL (15.6 mmol) of phosphorus oxychloride. After the reaction mixture is stirred at room 
temperature for 18 hours, 10 mL (57.4 mmol) of N,N-diisopropylemylarnine, is added followed by the 
addition of 7 mL (56.9 mmol) of boron trifluroide etherate. It is stirred at room temperature for 3 hours 

35 and worked up in the same manner as described in Example 1 to give 3.57 g (62%) of Compound 45 as 
a dark red-purple solid. 

Compounds 27, 38, and 44 are prepared by the reaction of 2-formyl-5-[(E,E)-4-phenyl-l ,3-butadien- 
1-yIJpynole, 2-fonnyl-5-[(E>propen-l -yljpyrrole and 2-formyl-5-[(E)-2-{ 1 -naphthyl)ethen-l -yl)py rrole, 
respectively, with 2-(2-memoxycarbonylewyl)-pyrrole as described in Example 8. 
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Compounds 30, 36, 37 and 41 are prepared by the reaction of 2-[(E)-2^arbom e thoxy e thea-l- 
yl]pyrrole,21(EHK5^^ 

nBtbyl-2-oxazoIyDetiieB-l-ylJ-pyrrole and 2-[(E>2-(4-carbornetb*xy^^ 
respectively, with 3 ,5-din>ethyIpyrrolB-2-caAoxaldefayde as described in Example 8. 
5 Compound33 is prepared from 24(E>2-a^methoxyeth=n-l-yl]pyrroleand 3 ,5-diphenylpyrrole-2- 
caiboxaldebyde in the similar way as described in Example 8. 

Most of the key intermediates needed for the synthesis of Compounds 22, 23, 25, 27, 30 33, 36, 37, 
38, 39, 41, 44 and 45 are prepared from the appropriately selected starting materials- As a typical 
example, 2-[®-2^4-<»rboinethoxyphenyl)eme n -l-yl]pyrrole needed for the synthesis of Compound 41 

10 is 3prepared as follows: A mixture of 1.0 g (10.5 mmol) of pynole-2<aiboxaldehyde, 2.5 g (10.9 
mmol) of methyl 4-bromoethyIben2oale > 2.2 g (10.9 mmol) of tributylphosphine and 700 mg of zinc is 
heated at 100°C m a stream of nitrogen for 15 hours. After cooling to room temperature, die whole 
reaction mixture is treated with 50 mL of chloroform. It is washed several times (3x50 mL) with water. 
The organic layer is dried with anhydrous sodium sulfate and concentrated under reduced pressure. The 

15 crude product is purified by chromatography on silica gel with 30* chloroform in heotane as eluant to 
give 427 mg (18%) of die product as a white solid; nup. 120-121"C. l H-NMR (CDd 3 ) 6 
3.90(s.3H,CHO. 6.26-6.29(m,lH,ArH), 6.42-6.4S(m,lH,ArH), 6.69(d,lH,CB», 6.84- 
6.88(nvlH^iH),7.08(d,IH,CH=), 7.45(d^2xArH), 7^9(d,2H^xArH), 8.55(bs,lH,NH). 

20 EXAMPLE 9: 4.4-Dffiiioro-3-C2-airboxye^^ 

2): To a solution of 3.0 g (8.33 mmol) of Compound 1 in 200 mL of tetrahydrofuran are added 100 
mL of water and 12 mL of 85 % phosphoric acid and the whole mixture is heated under reflux for 4 days. 
After cooling to room temperature, the reaction mixture is concentrated under reduced pressure to remove 
most of the tetrahydroforan. The resulting aqueous residue is extracted with chloroform. The chloroform 

25 layer is dried over anhydrous sodium sulfate and concentrated under reduced pressure to give a purple-red 
oil. The crude product is subjected to silica gel column chromatography. It is first eluted with 
chloroform to give 0.65 g of an unreacted starting material 1. It is then eluted with 1% methanol in 
chloroform to afford 1.75 g (61%) of Compound 2 as a dark purple solid. 

Compounds 6, 8, 15, 18, 20, 24, 26, 28 31, 34, 40, and 46 which contain a carboxylic acid, as a 

30 reactive group, are prepared by hydrolysis of me corresponding esters 5, 7, 14, 17, 19, 23, 25, 27, 30, 
33, 39 and 45 as described in the preparation of Compound 2 in Example 9. 

EXAMPLE 10: Succininridyl ester (Compound 3): To a solution of 650 mg (1.88 mmol) of Compound 
2 in 70 mL of tetrahydroforan is added 230 mg (1.99 mmol) of N^ydroxysuccinimide followed by 
35 addition of 410 mg (1.99 mmol) of N.N'-dicydohexylcarbcdiimidc. The mixture is stirred at room 
temperature for 24 hours. The resulting precipitate is removed by filtration and the filtrate is evaporated 
to dryness under reduced pressure to give a crude product. It is purified by chromatography on silica 
gel with chloroform as eluant to give 715 mg (86%) of Compound 3 as a dirk purple solid. 

Compounds 9, 16, 21, 29, 32, 35 and 47, which contain a succinimidyl ester as a reactive group, 
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are prepared from the corresponding carboxylic acids 8, 15, 20, 28, 31, 34 and 46 by the similar method 
as described in the preparation of Compound 3 in Example 10. 

EXAMPLE 11: Hydrazide (Compound 4): To a solution of 10 /xL of anhydrous hydrazine in 1 mL of 
5 chloroform is added 25 mg of Compound 3 and the mixture is stirred at room temperature for 30 
minutes. The reaction mixture is diluted with 15 mL of chloroform, washed with water, dried over 
anhydrous sodium sulfate and concentrated under reduced pressure to give a crude product It is purified 
by silica gel column chromatography with 2% methanol in chloroform as eluant to give 21 mg (98 %) of 
Compound 4. 

10 

EXAMPLE 12: Amine (Compound 48): To a solution of 150 \uL (2.24 mmoi) of emylenediamine in 
2 mL of chloroform is added a solution of 100 mg (0.22 mmol) of Compound 47 in 3 mL of chloroform 
dropwise over a period of 10 minutes and the mixture is stirred at room temperature for 1 hour. It is 
then diluted with 15 mL of chloroform, washed with water (3x20 mL), dried over anhydrous sodium 
15 sulfate and concentrated under reduced pressure to give a crude product. It is purified by 
chromatography on silica gel with 10% methanol in chloroform as eluant to give 75 mg (85%) of the 
amine 48. Compound 61 is prepared from Compound 3 by the same method as described in Example 
12. 

20 EXAMPLE 13: Iodoacetamide (Compound 49): To a suspension of 20 mg (0.05 mmol) of Compound 
48 in 3 mL of chloroform is added 10 jiL of triethylamine, followed by addition of 12 mg (0.05 mmol) 
of iodoacetic anhydride and the mixture is stirred at room temperature for 2 hours. After evaporation 
under reduced pressure, it is purified by silica gel column chromatography with 2% methanol in 
chloroform as eluant to give 19 mg (67%) of the iodoacetamide 49. Compound 62 is prepared from 

25 Compound 61 by the same method as described in Example 13. 



EXAMPLE 14: Maleimide (Compound 50): To a suspension of 20 mg (0.05 mmol) of Compound 48 
in 3 mL of chloroform is added 10 uL of chloroform is added 10 /*L of triethylamine, followed by 
addition of 1 3 mg (0.05) of succinimidyl maleimidylacetate and the mixture is stirred at room temperature 
30 for 2 hours. It is concentrated and purified by column chromatography on silica gel with 2% methanol 
in chloroform as eluant to give 18 mg (67%) of the maleimide 50. 

EXAMPLE 15: Aldehyde (Compound 51): To a suspension of 20 mg (0.05 mmol) of Compound 48 
in 3 mL of chloroform is added 10 pL of triethylamine, followed by addition of 12 mg (0.05 mmol) of 
35 succinimidyl p-formylbenzoate and the mixture is stirred at room temperature for 2 hours. It is 
concentrated and purified by column chromatography on silica gel with 2% methanol in chloroform as 
eluant to give 22 mg (83 %) of the aldehyde 51. 



EXAMPLE 16: Azide (Compound 52): To a suspension of 20 mg (0.05 mmol) of Compound 48 in 
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3 mL of chloroform is added 10 ^ of trieihylamine. followed by addition of 13 mg (0.05 mmol) of 
succmhnidylp-azidobenzoate. After stirring at room temperature for 2 hours, it is concentrated under 
reduced pressure and purified by column chromatography on silica gel etating with 156 methanol m 
chloroform to give 17 mg (63 96) of the azide 52. 

5 

EXAMPLE 17: Acrylanude (Compound S3): To a suspension of 20 mg (0.05 mmol) of Compound 
48 m 3 mL of chloroform is added 10 pL of triemylamine, followed by addition of 9 mg (0.05 mmol) 
ofmccmimdylacryla^^ After concentration 

muter reduced pressure, it is purified by sflica gel column chromatography with 156 methanol in 
10 chloroform as eluant to give 18 mg (79%) of the acrylamide 53. 

EXAMPLE 18: Alcohol (Compound 42): Toasolutionof 125 mg (1.01 mmol) of 3,5-diinefeylpyrrole. 
2-carboxaldehyde and 200 mg (1.00 mmol) of Z^^^hydroxyinethylpnenyl^en-l-yllpyrrolein 15 
mL of dicMoromethane is added 100 pL (1.07 mmol) of phosphorus oxychloride. The reaction mixture 

15 is stirred at room temperature for 24 hours and then is added 700 (4.02 mmol) of N,N- 
dnsopropylethylamine, followed by addition of 490 (3.98 mmol) of boron trifluoride ethcrate. After 
the whole mixture is stirred at room temperature for 2 hours, it is washed with two 15 mL portions of 
water. The organic layer is separated, dried over anhydrous sodium sulfate and concentrated under 
reduced pressure to give a dark red oil. The crude product is subjected to silica gel column 

20 chromatography. It is first elated wife 1:1 hexane/chlorofbrm to give 32 mg of the chloride, Compound 
43, as a dark red solid. It is then elated wife chloroform to afford 75 mg (2196) of the alcohol, 
compound 42, as a dark red solid. 

The compound 2^(E>2<44tydroxymethyhfeenyl)efeen^ for synthesis is 

prepared as follows: To a solution of 1.0 g (4.4 mmol) of 2H(E)-2^4H»rbomefeoxyphe n yl)ethen-l- 

25 ylteyrrole in 20 mL of dry tetrahydrofuran is added 167 mg (4.4 mmol) of lithium aluminum hydride 
portionwise while the reaction rnixture is stirred at 0°C under nitrogen atmosphere. After addition is 
complete, it is stirred at room temperature for 15 hours, ft is then cooled wife an ice-water bath and fee 
excess Uthium aluminum hydride is destroyed by the slow addition of 2 mL water. The reaction mixture 
is concentrated under reduced pressure to remove most of the tetrahydrofuran. The resulting residue is 

30 extracted with chloroform (3x50 mL), dried over anhydrous sodium sulfate and concentrated to give 0.68 
g (7896) of 2H[(E>2<4^ydroxyrr^ylphenyl)efeen-l-ylTpyrroleas an off-white solid, m.p. 186-189 °C; 
I H-NMR(CDC1 3 ) 5 4.69 (s.ffi.Cttj), 6.24-6.27(m,lH.ArH), 6.35-6.37(m,lH,ArH), 6.66(d,lH, =CH). 
6.81-6.84(m,lILArH). 6.98(d,lH.=CH), 7.33(d,2H,AiH), 7.44(d,2H,ArH), 8.36(bs,lH,NH). 

35 EXAMPLE 19: Halide (Compound 43): To a solution of 20 mg (0.06 mmol) of Compound 42 in 5 
mL of fecMoromefeane is added one drop of triefeylamine, followed by fee addition of S mg (0.03 mmol) 
of cyanuric chloride. The mixture is stirred at room teii^eramre for 1 hour. It is then subjected to silica 
gel column chromatography wife 1: 1 hexane/chloroform as eluant to give 15 mg (71 96) of fee halide 43. 
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EXAMPLE 20: Isothiocyanate (Compound 54): To a suspension of 30 mg (0.07 mmol) of Compound 
48 in 5 mL of chloroform is added 20 /iL of triethylamine» followed by the addition of 10 /iL (0.13 
mmol) of thiophosgene and the mixture is stirred at room temperature for 1 hour. It is concentrated 
under reduced pressure and the resulting residue is purified by column chromatography on silica gel with 
5 chloroform as eluant to give 22 mg (66%) of the isothiocyanate 54. 

EXAMPLE 21: Anhydride (Compound 55): To a suspension of 30 mg (0.09 mmol) of Compound 2 
in 5 mL of chloroform is added 15 /iL of triethylamine, followed by addition of 10 /tL of ethyl 
chloroformate and the mixture is stirred at room temperature for 1 hour. Without isolation of the 
10 anhydride, Compound 55, it is characterized as its n-butyl amide, Compound 58, by addition of 15 /iL 
of n-butylamine to the reaction mixture. The crude residue isolated by evaporation of the reaction 
mixture is purified by column chromatography on silica gel with chloroform as eluant to yield 29 mg 
(85%) of the Compound 58. 

15 EXAMPLE 22: Acyl azide (Compound 56): To a suspension of 30 mg (0.09 mmol) of Compound 2 
in 5 mL of chloroform is added 15 (tL of triethylamine, followed by the addition of 20 /iL (0.09 mmol) 
of diphenylphosphoryl azide and the reaction mixture is stirred at room temperature for 3 hours. It is 
concentrated under reduced pressure and purified by column chromatography on silica gel, eluting with 
chloroform to give 17 mg (53%) of the acyl azide 56. 

20 

EXAMPLE 23: Carbonyl fluoride (Compound 57): To a solution of 10 mg (0.03 mmol) of Compound 
2 and 3 pL of pyridine in 5 mL of dichloromethane is added 2 /iL of cyanuric fluoride and the mixture 
is stirred at room temperature for 30 minutes. Without isolation of the carbonyl fluoride, Compound 57, 
it is characterized as its n-butyl amide, Compound 58 (10 mg, 90% yield) as described in Example 21. 

25 

EXAMPLE 24: Sulfonyl Chloride (Compound 60): To an ice-cooled solution of 30 mg (0.08 mmol) 
of 4,4Hu^uoro-3,5^isI(E)-2^hOT is prepared from 2- 

[(E)-2-phenylewen-l-yl]pyrroleand 2-formyl-5-[(E>2-phenylemen-l-yl]pyrroleas described in Example 
1) in 3 mL of dichloromethane is added 12 /iL (0. 18 mmol) of chloro sulfonic acid and the mixture is 

30 stirred at 0°C for x h hours under nitrogen atmosphere. The resulting precipitate is collected by filtration, 
dissolved in 1 mL of water and the solution is treated with 20 mg of sodium bicarbonate. The crude 
product is purified by chromatography over lipophilic Sephadex using water for elution and the desired 
fractions are combined and lyophilized to give 12 mg of Compound 59. To 300 /iL of thionyl chloride 
is added 30 /iL of dry dimethyl f ormami de and the mixture is stirred at room temperature for 10 minutes. 

35 To the above solution is added 10 mg of Compound 59 and the mixture is stirred at room temperature 
for 2 hours. The resulting reaction mixture is treated with 10 mL of chloroform. It is poured into 10 
mL of ice water and shaken vigorously for a few minutes. The chloroform layer is separated, dried over 
anhydrous sodium sulfate and concentrated under reduced pressure to give 7 mg of the sulfonyl chloride 
60 as a dark blue solid. 
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EXAMPLE 25: Sphmgosine Conjugate (Cenunide): To a solution of 5 mg of D^hingosine (Sigma 
C^cl Co. . St. Louis. MO) in 1 mL of chloroform are added 5 uL of triemylamine and 9 mg of 
Compound 47 and the mixture is stirred at room temperature for 12 hours. The reaction nnxturers 
subjected to chromatography on silica gel with 1 % methanol in chlorofbm, From the desired combmed 
5 fractions 7 mg of a fluorescent ceramide is obtained, ^. 77-79^^1(10* ^ - 
chlorofonn). absorption nucdmum: 564.5 nm in methanol, emission m«imum: 571 mn m methanol. 

EXAMPLE 26: Nucleotide Conjugrte: To asolutionof 2mg of *3*mina-^ 
triphosphate, ammonium salt (Sigma Chemical Co., St. Louis, MO) in 200 fiL of water is added a 
10 solutionof 2 mg of Compounds in200pXof acetomtrile, foUowedby additionof 5 uLof triemylemine. 
After the mixture is stirred at room temperature for 3 hours, it is purified by chromatography over 
lipophilic Sephadex using water for elation. Tie desired fractions are combined and lyophilized to pve 
2 ^ofuteflnorescentnucleotu^ 

abaction maximum: 558.6 mn in pH 7 phosphate buffer, emission maximum: 570 mn m P H 7 
15 phosphate buffer. 

EXAMPLE 27: Oligonucleotide Conjugate: The 5'-arrnne-derivatized oligonucleotide of sequence 
XTGTAAAACGACGGCCAGT is prepared by automated solid phase synthesis on a AB1 380A using the 
standard 1 ,xM synthesis cycle, where X, the last phosphoramidite (5' end), is the corranercially available 

20 «.mmolir*-TFA obtained fr^ After the standard cleavage from 

the solid phase column and deblocking in concentrated aqueous ammonia (5 hours at 55°C), the 
oligonucleotide is concentrated on a vortex evaporator to dryness in a 15 mL plastic centrifuge tube. The 
ohgonucleotideis desalted with a Bio-Rad 10DG desalting column, Bio-Rad Labs, Richmond, CA, using 
the standard procedure. The oligonucleotide is aliquoted into convenient 10 ODU portions in 2 mL 

25 microcentrifuge tubes and evaporated on a speed-vac The S'-arruue^vatizedotigoru.cleotide. 10 ODU 
(350 ug 0.055 ^ dissolved in 250 uL of 0.5 M NaHCC^COa pH 9 aqueous buffer in the 
micmccntrifcge tube. The compound 16, 2 mg (3.8 ^, is dissolved m 200 ,L of DMF and a*W to 
the oligonucleotide solution. This is shaken by hand and allowed to sit for 16 hours. ImLofO.lM 
TEAA is added and the solution is passed through a Bio-Rad 10DG desalting column substituting 0 . 1 M 

30 TEAA for deiorrized water in the standard procedure. The second 2 mL fraction is collected and 
evaporated in a 15 mL centrifuge^ The labeled oligonucleotideis then HPLC 

pxrrified on a 220 rrunx 10 mm 3(X)AC8 reverse phase colurn^ UA - 
nsmg the following gradient Solvent A- 0.1 M TEAA . Solvents -acetenitrile. Ramp solvent B from 
15% to 95% over 40 rninutes then hold at 95% for 5 minutes. Detection is with a Waters 490 dual 

35 wavelength UV-Vis detector monitoring 254 nm and 590 nm. The appropriate peak is collected and 
evaporated to give 2.3 ODU (80 fig, 0.013 uM) 24% yield. 

Example28: Protein Conjugates: The succmimidyl esters, Corr^unds 3 aud 16, are dissolved to give 
s concentration of 10 mgdye/mLDMF. Bovine serum albumin (BSA) or outer proteins are dissolved 
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to a concentration of approximately 10 mg protein /mL in 0.1 M sodium bicarbonate. Ami con GH-25 
desalting media in phosphate buffered saline (PBS) and 1.5 M hydroxy lamine pH 8 are freshly prepared. 
The appropri ate amount of each dye in DMF corresponding to a molar ratio of 10 (dye/protein) is slowly 
added to the separate protein solutions with stirring. Each reaction is incubated at room temperature for 
5 one hour and is then terminated by the addition of hydroxylanrine to a final concentration of 0. 15 M. 
Following incubation for an additional thirty minutes the protein conjugates are separated from free 
imrracfrri dye in the two solutions by gel filtration on a GH-25 column equilibrated in PBS. The initial, 
protein-containing fractions from each solution are pooled and the degree of substitution is determined 
-from the extinction coefficient for each dye at its absorption maximum (559 run for Compound 3 and 590 
10 nm for Compound 16). An approximate degree of substitution of 3 (dye/BSA) is determined for both 
cases. The fluorescence of each final protein conjugate is approximately 10% of the free dye. 

R-phy coerythrin , avidin, epidermal growth factor, immunoglobulins, concanavalin A, wheat germ 
agglutinin, protein A are conjugated with succinimidyl esters using essentially the same procedure. 

15 Example 29: Peptide Conjugate: To a suspension of 5 mg of N-fbrmyl-Nle-Leu-Phe-Nle-Tyr-Lys 
(Bachenx. Inc., Torrance, CA) in 500 pL of dime&ylfbrmamide is added 3 pL of triethy Lamine followed 
by the addition of 3 mg of Compound 3 and the whole reaction mixture is stirred at room temperature 
for 30 minutes. The reaction mixture is purified by chromatography over lipophilic Sephadex using water 
for elution. Hie desired fractions are combined and lyophilized to give 4 mg of the fluorescent 

20 hexapeptide. 

Example 30: Carbohydrate Conjugate: To a solution of 5 mg of 6-amino-6*deoxy-D-glucose 
hydrochloride (U.S. Biochemical Corp., Cleveland, OH) in 0.5 mL of water and 1 mL of tetrahydrofuran 
is added 5 jiL of triemylamine followed by the addition of 10 mg of Compound 3. After the mixture is 
25 stirred at room temperature for 1 hour, it is purified by chromatography over silica gel using 10% 
methanol in chloroform. From die desired combined fractions 12 mg of a fluorescent carbohydrate is 
obtained: m.p. 99-102 °C, R^O.53 (25% methanol in chloroform), absorption maximum: 559.0 nm in 
methanol, emission maximum: 570 nm in methanol. 

30 EXAMPLE 31: Determination Of The Chemical Reactivity Of The Dyes: The chemically reactive dyes 
that are the subject of this invention are subjected to incubation in aqueous, methanolic, or chloroform 
solution with model compounds and their reactivity is demonstrated by thin layer chromatography in a 
solvent that separates the reactive dye from its products with visual detection of the fluorescence 
emission. It is demonstrated that n-buty lamine reacts to form a new product with 3, 9, 16, 21, 32, 35, 

35 47, 54, 55, 56, and 57, that 2-mercaptoethanol reacts with 43, 49, 50, and 62 that acetic anhydride reacts 
with 4, 42, 48, and 61, that acetone reacts with 4, that hydrazine reacts with 51, and that brefeldin A 
reacts with 2 in the presence of N,N'Klicydohexylcarbodiirnide to give an ester. Furthermore, it is 
demonstrated mat the esters such as 1 can react with hydrazine to give hydrazides such as 4. 
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EXAMPLE 32: Spectral Characterization Of Hie Dyes: !h NMR spectra are ineasuredusfog a General 
Electric QE-400 MHz spectrometer for solutions in CDQj (unless otherwise stated), with 
tetnmiethylsilane (IMS) as an internal standard. Chemical shifts are given in ppm from TMS and 
splittmgpsttexns are designated as: s, singlet; d, doublet; t, triplet; m, multiplet. Results of spectral date 
5 for representative new dyes are given in Table 4. 

Absorption spectra are obtained using an IBM 9429 UV/visible spectrophotometer by dissolving the 
dye at a concentration of approximately 5x10* M in an appropriate solvent including but not limited to 
nemauol, chloroform, acetonitrile. acetone or hexane. Extinction coefficients (e) of the dyes at their 
absorption maxima are determined by standard Beer's law calculations. Results of the spectral 
determination for representative new dyes are tabulated in Table 3 and Table 5. 

Fluorescence of new long wavelength reactive dipyrremethenebonm difluoride dyes is determined 
usfoga Perkm-ElmerModel 65(M0 fluorescence spectrophotonieter «nuppedv^m a Perkin-Eliiier/Hitachi 
057 X-Y recorder by dissolving the dye at a concentration of above lxl(T 10 M (optimum concentration 
ranges, lO* - 10" 7 M) in an appropriate solvent including but not limited to methanol, water, ethanol, 
acetonitrile, acetone, chloroform, toluene or hexane. Results of the spectral determination for 
representative new dyes are summarized in Table 3 and Table 5. Fluorescence can also be observed for 
the dyes in solution or on tnm layer chreinatography (TLQ plates, by visual inspection with illumination 
by a suitable source that gives off light below 650 nm. 



EXAMPLE 33: Photobleachmg Studies: Hiotorfabmtynieasurements of new long wavelength reactive 
BDI dyes are conducted in acetonitrile solution with continuous iUuminationby a 250 watt xenon arc lamp 
with 20 nm slit width at the corresponding excitation maxima. After thirty minutes of continuous 
fflummation while furring at room temperature in a cuvette of a fluorometer. emission intensity date is 
collected with 2.5 nm slit width at the emission maxima of individual samples. The results are listed in 
Table 5, together with that of the alkyl-substitutedBDI dye, Compound R, for conmarison (also shown 
in Figure 4). Concentrations of individual samples are prepared to have die same optical density for all 
of the dyes at die respective excitation wavelength. 

It will be obvious to one skilled in the art that synthesis of many other long wavelength reactive 4,4- 

dfliioro-4-boia-3a,4ardi^^ 

using other appropriate pyrrole precursors mat contain substituents compatible with the chemistry in 
Figure 1 and such long wavelength reactive 4,4^uoro-Wx«a-3a,4a^Bza-^-inilace ! ne dyes from other 
appropriately substituted pyrrole precursors will fall within the description of the invention. 
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What is claimed is: 

1. A compound of the formula: 



5 




wherein at least one of the substituents R r R 7 is -L^G, where G is a reactive functional group that is a 
carboxylic acid, a succinimidyl ester, an acyl azide, an anhydride, an acid halide, an acrylamide, an 
10 alcohol, an aldehyde, an azide, an imido ester, a sulfonate ester, a haloacetamide an alkyl halide, a 
sulfbnyl halide, a hydrazine, an isocyanate, an isothiocyanate, or a maleimide group and -1^-, where m 
= 0 or 1, is a substituted or unsubstituted alkyl (containing 1-5 carbons) or arylene group, or a linking 
bathochromic moiety; and 

15 wherein the remaining substituents R,-R 7 , any of which may be the same or different, are hydrogen; 
halogen; alkyl (containing 1-5 carbon atoms); sulfo; arylalkyl, the alkyl portion of which contains 1-5 
carbon atoms; or aryl which may be further substituted, one or more times, by alkyl (containing 1-5 
carbon atoms), or alkoxy groups wherein the alkyl portions of such groups have less than 5 carbon atoms; 
or a separate bathochromic moiety; or combinations thereof; 

20 

such that at least one of the substituents R t -R 7 contains a linking bathochromic or a separate bathochromic 
moiety; 

said compound having an emission maximum at a wavelength longer than about 550 am in methanol and 
25 a quantum yield of greater than about 0.1. 

2. A compound, as claimed in Claim 1, wherein G is a carboxylic acid, a succinimidyl ester, an acyl 
azide, an anhydride, an acid halide, a sulfbnyl halide, an isocyanate, an isothiocyanate, or an imido ester. 

30 3. A compound, as claimed in Claim 1, wherein G is a haloacetamide, a maleimide. an alkyl halide, or 
a sulfonate ester. 

4. A compound, as claimed in Claim 1, wherein L is an unsaturated organic group that is substituted 
or unsubstituted phenylene, alkenyl or heteroaryl. 

35 

5. A compound, as claimed in Claim 1, substituted by 1-4 separate bamochromic moieties where each 
separate bamochromic moiety is an unsaturated organic group. 
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6 A compound, as claimed in Claim 5, wherein at least one of the unsaturated organic groups 
neteroary l group that is a pyrrole, thiophene, fuzan, ox«ole. iso^zole, oxadiazole, imiAoole, 
b^zoxazole, benzothiazole, benzirnidazole, benzntaan, or indole, that is optionaUy substituted, one or 
more times, by aryl, arylalkyl. hetetoaryl, aBcyl, or alkoxy groups, or combinations thereof, the alkyl 

S portions of which have fewer than 5 carbons; and any substituent is optionally further substituted by an 
ester or amide. 

7 AconnW.asclaimedmC^ 

group that isaphenyl, 1-naphthyl, 2-naphthyl, 1-pyrenyl, or 9-«nthryl, that is optionally substituted one 
10 or more times by alkyl (containing 1-5 carbons), or alkoxy groups, or combinations thereof; the alkyl 
porf«»ofwnichhavele«thm^ 
an ester or amide. 

8. Aeonmound.asdainiedmClaimS. wner^ 

15 alkenyl group that is etfaenyl, butadienyl or hexarrienyl, that optionally contains substituents, which may 
be the same or different that are hydrogen, halogen, alkyl (containing 1-10 carbon atoms), cyano, 
carboxylate ester, c ai b oxami de, aryl or heteroaryL 

9. Acompound,asclain 1 edmClaiml,wherem 

20 1-5 carbons and G is a sucdmrnidyl ester (-COO^C 4 0 2 H 4 )). 

10. A compound, as claimed in Claim 1, wherein or B*, or Ra and R« are sulfo. 

11. A compound, as claimed in Claim 1, wherein R, is I*G that optumaUy contains a linking 
25 bamochronticriKjiety;^ is a separate bathoc^ 

optionany a separate balhochromic moiety, and the remaining substituents, which may be me same or 
different, are hydrogen, alkyl, or sulfo. 

12. A compound, as claimed in Claim 11, wherein R t is , wherein Lis. straight chain 
30 unsubstimted alkyl group «mtahring 1-5 carbons and G is a succimmidyl ester (COO(SC 4 0^d); 

R? is a heteroaryl group that is a pyrrole, thiophene. reran, oxazole. isowzole, oxadiaznle, imidazole, 
benzoxazole, benzomiazole, benzimidazole, benzofuran, or indole, that is optionally substituted one or 
more times by aryl, arylalkyl, heteroaryl, alkyl, or alkoxy groups, or combinations (hereof, the alkyl 
35 portions of which have fewer than 5 carbons; any substituent is optionaUy further substituted by an ester 
or amide; or 

R 7 is an aryl group mat is a phenyl, l-naphthyl. 2-naphthyl, 1-pyrenyl. or 9-anthryl, mat is optionally 
substituted one or more times by alkyl (containing 1-5 carbons), or alkoxy groups, or combinations 
thereof, the alkyl portions of which have less than 5 carbon atoms; and any substituent is optionally 
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further substituted by an ester or amide; or 

R 7 is an alkenyl group that is ethenyl, butadienyl or hexatrienyl, that optionally contains substituents, 
which may be the same or different that are hydrogen, halogen, alkyl (containing 1-10 carbon atoms), 
cyano, carboxylate ester, carboxamide, aryl or heteroaryl; 

5 

is optionally a separate bathochromic moiety; 

and R 6 » which may be the same or different, are hydrogen, alkyl, or sulfo; 
10 and the remaining substituents, which may be the same or different, are hydrogen or alkyl. 
13. A dye-conjugate comprising a fluorescent compound of the formula: 



15 



wherein at least one of the substituents R r R 7 is covalently bound to a specific binding pair member that 
is a ligand or receptor, according to the formula -I^-sbp, where where m - 0 or 1, is a su bstituted 
20 or unsubstttnted alkyl (containing 1-5 carbons) or arylene group, or a linking bathochromic moiety, and 
sbp is the specific binding pair member, and 

wherein the remaining substituents Ri-R 7 , any of which may be the same or different, are hydrogen; 
halogen; alkyl (containing 1-5 carbon atoms); sulfo; arylalkyl, the alkyl portion of which contains 1-5 
25 carbon atoms; or aryl which may be former substituted, one or more times, by alkyl (containing 1-5 
carbon atoms), or alkoxy groups wherein the alkyl portions of such groups have less than 5 carbon atoms; 
or a separate bathochromic moiety; or combinations thereof; 

such that at least one of the substituents R r R 7 contains a linking bathochromic or a separate bathochromic 
30 moiety; 

said compound having an emission maximum at a wavelength longer than about 550 run in methanol and 
a quantum yield of greater than about 0. 1. 

35 14. A dye-conjugate according to Claim 13, wherein sbp is a nucleotide or an oligonucleotide. 



15. 
16. 



A dye-conjugate according to Claim 13, wherein sbp is a peptide or a protein. 
A dye-conjugate according to Claim 13, wherein sbp is a drug. 
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17 A dye-conjugate according to Oaim 13, wherein R, is ^bp. M*eiein L u; a stmght chain 
nnsnbstitnted alkyl group containing 1-5 carbons and sbp is a ligand that is a nucleotide, an 
oligonucleotide, a peptide, a protein, or a drug; 

5 R, is a heteroaryl group that is a pyrrole, fciophene, furan, oxazole, isoxazole, oxadiazole, imidazole, 
benzoxazole, benzothiazole, benzrmidazole, benzofuran, or indole, that is optionally substituted one or 
more times by aryl, arylalkyl, heteroaryl. alkyl, or alkoxy groups, or combinations thereof, the alkyl 
portions of which have fewer than 5 carbons; any substituent is optionally further substituted by an ester 
or sunder or 

10 R 7 is an aryl group that is a phenyl. 1-naphthyl, 2-naphmyl. I-pyxenyl, or 9^nlhryl, that is optionally 
substituted one or more times by alkyl (containing 1-5 carbons), or alkoxy groups, or combinations 
thereof, ,h e alkyl portions of which have less than 5 carbon atoms; and any substituent is optionally 
further substituted by an ester or amide; or 

R, is an alkenyl group that is ethenyl, butadienyl or hexatrienyl, that optionally contains substituents, 
15 which may be the same or different that are hydrogen, halogen, alkyl (containing 1-10 carbon atoms), 
cyano, caiboxylate ester, carboxanride, aryl or heteroaryl; 

Rj is optionally a separate bathochromic moiety; 

20 and me remaining substituents, which may be the same or different, are sulfo, hydrogen, or alkyl (1-5 
carbons). 

18. A dye-conjugate according to Claim 17, wherein or Rg, or Rz and Rg are sulfo. 



25 19. A dye-conjugate according to Claim 13, further comprising the complementary member of the sbp 
member* 



20. A dye conjugate according to Claim 19, wherein L is a straight chain unsubstituted alkyl group 
conta ining 1-5 carbons; 

sbp is a Iigand that is a nucleotide, an oligonucleotide, a peptide, a protein, or a 



r 7 is a heteroaryl group that is a pyrrole, thiophene, furan, oxazole, isoxazole, oxadiazole. imidazole, 
benzoxazole, benzothiazole, benzimidazole, benzofuran, or indole, which is optionally substituted one or 
35 more times by aryl, arylalkyl, heteroaryl, alkyl, or alkoxy groups, or combinations thereof, the alkyl 
portions of which have fewer than 5 carbons; and any substituent is optionally further substituted by an 
ester or amide; or 

R 7 is an aryl group that is a phenyl, 1-naphthyl, 2-nanhtfayl, 1-pyrenyl, or 9-anthryl, that is optionally 
substituted one or more times by alkyl (containing 1-5 carbons), or alkoxy groups, the alkyl portions of 
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which have less than 5 carbon atoms, or combinations thereof; optionally further substituted by an ester 
or amide, or 

R 7 is an alkenyl group that is ethenyl, butadienyl or hexatrienyl, that optionally contains substituents, 
which may be the same or different that are hydrogen, halogen, alkyl (containing 1-10 carbon atoms), 
5 cyano, carboxylate ester, carboxamide, aryl or heteroaryl; 

Rj is optionally a separate bathochromic moiety; 



10 



Rj and R«, which may be the same or different, are sulfa, hydrogen, or alkyl; 

and the remaining substituents, which may be the same or different, are hydrogen or alkyl. 
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